








































南 裕 子１），川 畑 球 一１），横 山 可南子１），板 東 紀 子２），河 合 慶 親２），

















































































１）Svobodova, A., Walterova, D., Vostalova, J. : Ultra-
violet light induced alteration to the skin. Biomed.
Pap. Med. Fac. Univ. Palacky. Olomouc. Czech. Repub.，
１５０：２５‐３８，２００６
２）Yasui, H., Sakurai, H. : Chemiluminescent detection
and imaging of reactive oxygen species in live
mouse skin exposed to UVA. Biochem. Biophys. Res.
Commun.，２６９：１３１‐１３６，２０００
３）El-Domyati, M., Attia, S., Saleh, F., Brown, D., et al. :
Intrinsic aging vs. photoaging : a comparative histo-
pathological, immunohistochemical, and ultrastruc-
tural study of skin. Exp. Dermatol.，１１：３９８‐４０５，
２００２
４）Yasui, H., Sakurai, H. : Age-dependent generation of
reactive oxygen species in the skin of live hairless
rats exposed to UVA light. Exp. Dermatol.，１２：
６５５‐６６１，２００３
５）Bissett, D. L., Hannon, D. P., Orr, T. V. : An animal
model of solar-aged skin : histological, physical, and
visible changes in UV-irradiated hairless mouse skin.
Photochem. Photobiol.，４６：３６７‐３７８，１９８７
６）Murphy, G., Cockett, M. I., Ward, R. V., Docherty, A. J.:
Matrix metalloproteinase degradation of elastin, type
Ⅳ collagen and proteoglycan. A quantitative com-
parison of the activities of 95 kDa and 72 kDa gela-
tinases, stromelysins‐1 and‐2 and punctuated met-
alloproteinase（PUMP）. Biochem. J.，２７７：２７７‐２７９，
１９９１
７）Okada, Y., Gonoji, Y., Naka, K., Tomita, K., et al. :
Matrix metalloproteinase 9（92-kDa gelatinase/type
Ⅳ collagenase）from HT 1080 human fibrosarcoma
cells. Purification and activation of the precursor
and enzymic properties. J. Biol. Chem.，２６７：２１７１２‐
２１７１９，１９９２
８）Senior, R. M., Griffin, G. L., Fliszar, C. J., Shapiro, S. D.,
et al. : Human 92-and 72-kilodalton type Ⅳ collage-
nases are elastases. J. Biol. Chem.，２６６：７８７０‐７８７５，
１９９１
９）Inomata, S., Matsunaga, Y., Amano, S., Takada, K.,
et al. : Possible involvement of gelatinases in base-
ment membrane damage and wrinkle formation in
chronically ultraviolet B-exposed hairless mouse. J.
Invest. Dermatol.，１２０：１２８‐１３４，２００３
１０）Kawaguchi, Y., Tanaka, H., Okada, T., Konishi, H.,
et al. : The effects of ultraviolet A and reactive
oxygen species on the mRNA expression of 72-kDa
type Ⅳ collagenase and its tissue inhibitor in cul-
tured human dermal fibroblasts. Arch. Dermatol.
Res.，２８８：３９‐４４，１９９６
１１）Brenneisen, P., Briviba, K., Wlaschek, M., Wenk, J.,
et al. : Hydrogen peroxide（H2O2）increases the
steady-state mRNA levels of collagenase/MMP-1 in
human dermal fibroblasts. Free. Radic. Biol. Med.，
２２：５１５‐５２４，１９９７
１２）Zeigler, M. E., Chi, Y., Schmidt, T., Varani, J. : Role of
ERK and JNK pathways in regulating cell motility
and matrix metalloproteinase 9 production in growth
factor-stimulated human epidermal keratinocytes. J.
Cell. Physiol.，１８０：２７１‐２８４，１９９９
１３）Sultana, R., Perluigi, M., Butterfield, D. A. : Protein
oxidation and lipid peroxidation in brain of subjects
with Alzheimer’s disease : insights into mechanism
of neurodegeneration from redox proteomics. Anti-
oxid. Redox. Signal.，８：２０２１‐２０３７，２００６
１４）Nicolson, G. L., Metabolic syndrome and mitochon-
drial function : molecular replacement and antioxi-
dant supplements to prevent membrane peroxida-
tion and restore mitochondrial function. J. Cell.
Biochem.，１００：１３５２‐１３６９，２００７
１５）Zmijewski, J. W., Landar, A., Watanabe, N., Dickinson,
D. A., et al. : Cell signalling by oxidized lipids and the
皮膚光老化における脂質過酸化と抗酸化物質 ２２１
role of reactive oxygen species in the endothelium.
Biochem. Soc. Trans.，３３：１３８５‐１３８９，２００５
１６）Thomas, J. P., Maiorino, M., Ursini, F., Girotti, A. W. :
Protective action of phospholipid hydroperoxide
glutathione peroxidase against membrane-damaging
lipid peroxidation. In situ reduction of phospholipid
and cholesterol hydroperoxides. J. Biol. Chem.，２６５：
４５４‐４６１，１９９０
１７）Thomas, J. P., Girotti, A. W. : Photooxidation of cell
membranes in the presence of hematoporphyrin
derivative : reactivity of phospholipid and choles-
terol hydroperoxides with glutathione peroxidase.
Biochim. Biophys. Acta.，９６２：２９７‐３０７，１９８８
１８）Yamazaki, S., Ozawa, N., Hiratsuka, A., Watanabe, T.:
Quantitative determination of cholesterol 5alpha-,
7alpha-, and 7beta-hydroperoxides in rat skin. Free.
Radic. Biol. Med.，２７：１１０‐１１８，１９９９
１９）Ozawa, N., Yamazaki, S., Chiba, K., Aoyama, H.,
et al. : Occurrence of cholesterol 7alpha- and 7beta-
hydroperoxides in rat skin as aging markers. Bio-
chem. Biophys. Res. Commun.，１７８：２４２‐２４７，１９９１
２０）Minami, Y., Yokoi, S., Setoyama, M., Bando, N., et al. :
Combination of TLC Blotting and Gas Chromatography-
Mass Spectrometry for Analysis of Peroxidized
Cholesterol., Lipids.，４２：１０５５‐１０６３，２００７
２１）Chen, X., Resh, M. D.:Activation of mitogen-activated
protein kinase by membrane-targeted Raf chimeras
is independent of raft localization. J. Biol. Chem.，
２７６：３４６１７‐３４６２３，２００１
２２）Kim, S., Kim, Y., Lee, Young, Cho, Kwang Hyun. :
Cholesterol inhibits MMP-9 expression in human
epidermal keratinocytes and HaCaT cells. FEBS.
Lett.，５８１：３８６９‐３８７４，２００７
２３）Reeve, V. E., Widyarini, S., Domanski, D., Chew, E.,
et al. : Protection against photoaging in the hairless
mouse by the isoflavone equol. Photochem. Photo-
biol.，８１：１５４８‐１５５３，２００５
２４）Hwang, I. K., Yoo, K. Y., Kim, D. W., Jeong, S. J., et al.:
An extract of Polygonum multiflorum protects
against free radical damage induced by ultraviolet
B irradiation of the skin. Braz. J. Med. Biol. Res.，
３９：１１８１‐１１８８，２００６
南 裕 子 他２２２
Effect of peroxidized lipids on UVA-induced photoaging in mouse skin and its inhibition
by dietary antioxidants
Yuko Minami１）, Kyuichi Kawabata１）, Kanako Yokoyama１）, Noriko Bando２）, Yoshichika Kawai２）,
and Junji Terao２）
１）Department of Food Science, Graduate School of Nutrition and Biosciences, The University of Tokushima, Tokushima, Japan
２）Department of Food Science, Institute of Health Biosciences, The University of Tokushima Graduate School, Tokushima, Japan
SUMMARY
Role of ultraviolet A（UVA）on oxidative damage has attracted much attention in relation to
skin photoaging process. In this study, we investigated effect of cholesterol hydroperoxides（Chol-
OOHs）, stable products of reactive oxygen species（ROS）-induced lipid peroxidation, on matrix
metalloproteinase（MMP）activation responsible for wrinkle formation in hairless mouse skin and
then estimated the inhibition of UVA-induced MMP activation by dietary β-carotene. Hairless
mice were exposed to UVA irradiation for 8 weeks. Chol-OOHs content in the skin was found to
increase significantly by the exposure of UVA. In addition, the activity of MMP-9 and its protein
expression were elevated with wrinkle formation. This activation was also induced by intracuta-
neous injection of Chol-OOHs. Interestingly, dietary β-carotene（500 mg/kg diet） and α-tocopherol
（100 mg/kg diet）suppressed the accumulation of Chol-OOH as well as MMP activation. These
results suggest that Chol-OOHs formed by the exposure of UVA to skin contribute to the activa-
tion of MMPs resulting in skin photoaging. Dietary antioxidants may prevent skin photoaging
through, at least partly, the suppression of MMP activation due to UVA-induced lipid peroxidation.
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